Guanosine triphosphate binding to beta-subunit of tubulin in Alzheimer's disease brain: role of microtubule-associated protein tau.
In Alzheimer's disease, paired helical filaments composed mainly of abnormally phosphorylated tau accumulate in certain selected neurons of the brain, and microtubules are rarely seen in the affected cells. In the present study, the binding of 32P-labeled 8-azidoguanosine triphosphate ([gamma-32P]8N3GTP), the photoaffinity analogue of GTP to the beta-subunit of tubulin in brain homogenates was found to be markedly lower in patients with Alzheimer's disease than in aged control human cases. No significant differences were observed in the levels of the alpha- and beta-subunits of tubulin between Alzheimer's disease and control brains obtained 2-7 h postmortem. In nine of 19 Alzheimer's disease and 11 of 12 control autopsied brains (2-7 h postmortem and stored at -75 degrees C) tubulin was isolated successfully from brain cytosol by in vitro polymerization induced with DEAE-dextran. The GTP binding was observed in the two cycled assembled microtubule preparations from all the normal control, and in eight of nine Alzheimer's disease cases. Alzheimer's disease microtubule preparations contained varying amounts of abnormally phosphorylated tau, whereas no abnormal tau was detected in the control brain preparations. Addition of bovine tau to bovine, normal human, and Alzheimer's disease brain tubulin preparations markedly increased GTP binding to the beta-subunit. An alkaline phosphatase-treated paired helical filament-enriched preparation increased by approximately twofold the GTP binding to bovine brain tubulin. GTP binding to tubulin prepared by phosphocellulose chromatography of two cycled microtubules from three Alzheimer's disease and three normal control brains, revealed insignificant differences between the two groups. These findings have suggested that (1) tau protein promotes the GTP binding to the beta-subunit of tubulin, and (2) the breakdown of the microtubule system in brains of patients with Alzheimer's disease might in part be due to the abnormal phosphorylation of tau which depresses the GTP binding.